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ABSTRACT 
 
 
Climate change and climate variability affect all sectors of the environment, but agriculture is 
the most impacted because food production is highly sensitive to weather. The impact of 
changing climate is evident in the increase in extreme events such as floods, droughts, and 
hurricanes in the last few decades. General Circulation Model (GCM) projections of future 
climate show that these extreme events will become more frequent and intense in the coming 
decades. This study investigates the spatial character of agricultural vulnerability to changing 
climate in Missouri’s six climate divisions and the use of crop insurance by farmers as a 
climate adaptation or risk management strategy. Crop insurance plays an important role in the 
 iv 
 
process of adapting to climate change because it serves as a buffer against the impact of 
increasing extreme events. The study tests the hypothesis that farmers in the most vulnerable 
climate division will use the most amount of crop insurance. Using the equal weights method 
of vulnerability assessment, a vulnerability index is obtained and the climate divisions are 
ranked from most vulnerable to least vulnerable with temperature, rainfall, and crop production 
as variables. The study reveals that the use of crop insurance as an adaptation strategy by 
farmers in Missouri is driven primarily by the volume of crop production and not vulnerability 
to changing climate. 
Keywords: Adaptation, Agriculture, Climate Change, Crop Insurance, Vulnerability 
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Chapter 1  
INTRODUCTION 
 
1.1 Global Trend in Climate Change 
 
The concept of climate change has been around for quite a while. The earliest mention of 
climate change dates back to the nineteenth century. Svante Archenius, a Swedish scientist, was 
the first to study the effect of the CO2 climate (Rodhe et al. 1997). The Intergovernmental Panel 
on Climate Change (IPCC) defines climate change as “a change in the state of the climate that 
can be identified (e.g., by using statistical tests) by changes in mean and/or the variability of its 
properties and that persists for an extended period, typically, decades or longer. Climate change 
may be due to natural internal processes or external forcings, or anthropogenic changes in the 
composition of the atmosphere or in land use” (IPCC TAR, 2001b). 
The United Nations Framework Convention on Climate Change (UNFCCC) also defines 
climate change as “a change of climate which is attributed directly or indirectly to human 
activity that alters the composition of the global atmosphere and which is in addition to natural 
climate variability observed over comparable periods of time”. (UNFCCC Article 1) 
The terms “Climate Change” and “Climate Variability” are often used interchangeably; the 
IPCC, however, defines climate variability as “variations in the mean state and other statistics 
(such as standard deviations, the occurrence of extremes, etc.) of the climate on all temporal and 
spatial scales beyond that of individual weather events”. Variability may be due to natural 
internal processes within the climate system – internal variability – or to variations in natural or 
anthropogenic external forcing – external variability (IPCC TAR, 2001). 
Climate change is influenced by the greenhouse effect, which results from the increase of 
carbon dioxide, methane, ozone, and nitrogen oxide in the atmosphere. On one hand, the 
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presence of these gases in the atmosphere make the earth habitable with respect to regulating the 
earth’s temperature. An increase in the concentration of these gases, however, traps energy in the 
atmosphere, which in turn increases the earth’s temperature. Global greenhouse gas emissions 
have grown since pre-industrial times, with an increase of 70 percent between 1970 and 2004 
(IPCC, 2007). The IPCC’s assessment report, AR5, shows that there has been an estimated 
warming of about 1.5°F since 1880 and puts the average global warming in the past century at 
1.33°F. 
The increase in concentration of greenhouse gases, which result in warmer temperatures, 
creates a series of cause-and-effect relationships. Evidence of global warming is seen in the 
decrease of glaciers, sea ice, and snow cover, as well as the increase in humidity, temperature 
over oceans, sea surface temperature, sea level ocean content, tropospheric temperature, and 
temperatures over land. As the world has continued to experience warming, extreme weather 
events such as hurricanes, floods, and droughts have become more frequent. These extreme 
events have negative impacts on different aspects of the environment. The following statements 
buttress the importance of changing climate on the environment: 
- “Weather is not just an environmental issue; it is a major economic factor. At least $1 
trillion of our economy is weather sensitive.” – William Daky, Former United States 
Commerce Secretary 
- “In 2012 alone, $100 billion was lost due to weather…”- Weather Risk Management 
Agency (WRA) 
As food is essential in sustaining human life, the role of agriculture cannot be 
overemphasized. However, agriculture is one of the sectors greatly influenced by the impact of 
extreme events. The impact of climate change on agricultural production has increased in the 
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past forty years with a projection of continued increase over the next twenty-five years (IPCC, 
AR 3). These impacts are mostly felt in terms of decline in crop and livestock production. As the 
quantity of agricultural products decrease, it translates into a decrease in farmers’ income. 
Some of the climate variables that influence agricultural production are changes in the length of 
frost-free season, changes in the number of frost-free days, changes in the number of consecutive 
dry days, and changes in the number of hot nights. The impacts of these variables could be 
direct, where there are changes in crop yield and livestock development because of changing 
climate conditions and extreme weather events, or indirect, through climate change-induced 
stresses including stress from weeds, diseases, insects, and pests (NCA,2014). 
Climate change has led to increased volatility in weather patterns and consequently to 
instability in commodity prices. This leads to financial stress being placed on producers, 
consumers, exporters, importers, financiers, and governments. Over time, farmers have sought to 
adapt to and/or mitigate the risks associated with extreme events by using different risk 
management strategies. Risk management is a process of assessing agricultural risk, together 
with all interested parties to weigh alternate options to mitigate, transfer, and/or cope with 
identified risks (FARMD, 2014).  Some strategies include personal savings, diversifying input, 
use of crop insurance, futures markets, contracts, and government programs. Farmers are 
vulnerable to different types of risks, including weather, production, price, legal and policy, 
technological and financial related risks (Moschini and Hennessy, 2001). 
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1.2 Missouri Climate Change Trend  
 
Climate trends in the Midwest are characterized by high variability on time scales of one 
to several years relative to the long-term trends (Wuebbles et al., 2004; Adegoke, 2007; 2008). 
This is largely due to the fact that states in the Midwest are in the interior of the United States 
where they are not impacted by the moderating effects of oceans. They experience extremes of 
weather patterns influenced by the air masses from the Arctic and the Gulf of Mexico. The 
Midwest exhibits a strong north-south temperature gradient with high inter-annual variability, 
and historical tendencies for the Midwest are toward increased temperatures (Pryor, 2012, IPCC 
2014). The average annual temperature varies by 20°F (IPCC, 2013). Precipitation, on the other 
hand, varies throughout the region: from 25 inches in Minnesota to about 46 inches in Missouri 
(IPCC, 2013). The annual mean temperature over the Midwest increased by approximately 
0.067°C per decade from 1910 to2010; this increased to 0.12°C per decade between 1950 and 
2010 and 0.23°C between 1970 and 2010. These estimates are comparable to the Northern 
hemisphere’s landmass for 1902-2005 (Wuebble et al., 2004; Adegoke, 2007; 2008; Pryor, 
2012). Warming trend is largest during the winter where the temporal trend in mean temperature 
in January is about 0.24°C per decade. In July, this is 0.056°C per decade. The IPCC fourth 
assessment report predicts an increase of 3°-5°C by the end of the 21st century. There is also a 
strong spatial gradient in the precipitation pattern of the Midwest. This is characterized by an 
east-west gradient on the western boundary and a north-south gradient everywhere else. Inter-
annual variations in precipitation range from –40 percent to 100 percent from the mean of a 
given year. The winter variations are higher ranging from –50 percent to +90 percent while the 
summer variations are smaller at ±40 percent (Wuebble et al., 2004). 
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Climate in the Midwest is influenced by the Great Lakes, and variations in weather have 
led to extreme events that have, in turn, impacted agriculture. The Midwest is the agricultural 
heartland of America, and agriculture dominates land use with more than two-thirds of land 
designated as farmland. It represents one of the most intense areas of agriculture in the world. 
The 2007 agricultural census revealed that the Midwest sold about $77 billion worth of crop and 
livestock products. Agriculture in the Midwest is not only critical to the United States’ economy, 
but also for world export of grain and wheat.  The Midwest is the largest producer of corn, 
soybean, and wheat in the United States; the region accounts for about 65 percent of United 
States corn and soybean production (IPCC, 2014). Although it is considered the Corn Belt, it is 
agriculturally diversified beyond corn and soybeans. In 2007 alone, corn was grown on more 
than 20 million hectares of land and soybeans on about 14 million hectares (Hatfield, 2012; 
IPCC, 2014).  
In the United States, hail insurance was first used in 1880 by tobacco farmers; by 1919, 
the value of insurance was put at $560 million. The Federal Crop Insurance Corporation was 
formed in 1938, but only wheat and cotton could be insured. This led to the passing of the Crop 
Insurance Act of 1980, which has seen reformations over the years. The 1980 Federal Crop 
Insurance Act was passed because of the perceived failure of the crop insurance scheme. It 
replaced disaster programs with less costly subsidized insurance. The growth of crop insurance 
was slow – in 1988 during the drought only about 25 percent of eligible acreage was enrolled, 
prompting the government to make additional arrangements for disaster assistance. Five billion 
dollars in disaster assistance was given in 1988 and 1989. The 1993 floods that swept across the 
Midwest resulted in significant crop loss, and this led to the Crop Insurance Reform Act of 1994. 
Additional premium subsidies were authorized to increase participation.  Between 1980 and 
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2001, producers have received about $15 billion in disaster payments in addition to $22 billion in 
crop insurance indemnities. The program has grown from insuring 28 crops in 4,651 county crop 
programs in 1980 to over 110 crops in 38,462 crop programs in 2001. As at 2004, there was 
about 80 percent participation in crop insurance with over 215 million acres enrolled and total 
liability estimated in excess of $46 billion (Glauber, 2004; Glauber and Collins, 2002). 
1.3 Study Area 
 
Missouri is the twenty-fourth state in the United States, and its capital is Jefferson City. It 
has 114 counties and one independent city – St. Louis. With an area of 69,709 square miles, 
Missouri is the twenty-first biggest state in the United States. Its major industries are farming, 
mining, air craft equipment, and auto manufacturing. Major rivers and lakes include: Mississippi, 
Missouri, Ozark, Table Creek, and Clear Water. Missouri shares boundaries with Arkansas, 
Illinois, Iowa, Kansas, Kentucky, Nebraska, Oklahoma, and Tennessee. The 2010 census puts 
the population of Missouri at 5,988,927, placing the state eighteenth in the country. 
1.4 U.S. Climate Divisions 
 
The National Oceanic and Atmospheric Administration (NOAA) divides all the U.S. 
states into climate divisions. The number of climate divisions in each state depends on size. The 
contiguous United States has a total of 344 divisions. For a long time, climate division data was 
the only long-term data of the contiguous United States that was complete on a spatial and 
temporal scale, and it has been used in agricultural and hydrological applications (Quayle, 1995). 
Climate division data is used to assess large-scale climate features or anomalies with respect to a 
long period. The data set is valuable because no data point is missing from 1895 till today. The 
origin of climate division dates back to 1890 when climate data was collected by the 
meteorological division of the U.S. Army Corps (Hughes, 1980). In 1909, after discovering that 
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climate data was being used by multiple interested parties beyond agriculture and transportation, 
the decision was made to group climate data according to natural topographic districts (U.S. Dept 
of Agriculture, Weather Bureau, 1909). It was thought that this grouping would be the best 
system of territorial units to compile and disseminate climate data for applications in agriculture, 
transportation, irrigation, forestry, and engineering. No standardized system existed to define the 
climate divisions. In 1949 it was decided that the best partitioning would be to adopt the USDA 
Bureau of Agricultural Economics Crop Reporting districts as divisions. The reason for this 
decision was the relationship between crop type and climatic classification (Quayle, 1995). Some 
boundaries are defined by drainage basins, and in some cases, the boundaries were delimited 
based on the relationship between climate and the dominant crop grown in the area. In 1950, a 
standardized scheme based partially on the climate was developed. 
  Agriculture dominates land use in the Midwest, and Missouri plays an important role of 
contributing substantially to Midwest agriculture. With about 100,000 farms (USDA 2007 
Census), it ranks second in terms of number of farms and fifteenth in terms of farm exports. 
Major agricultural products include: corn, soybeans, cattle, hogs, and turkey. 
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Figure 1.1: Map of Missouri Showing Climate Divisions 
 
1.5 Research Goal 
 
The goal of this study is to investigate the impact of changing climate on agricultural 
vulnerability in Missouri and the use of crop insurance as an adaptation strategy in agriculture 
between 1980 and 2010. 
1.6 Objectives 
 
- To explore the spatial character of agricultural vulnerability to changing climate in 
Missouri. 
- To explore the use of crop insurance as a climate adaptation strategy. 
- To test the hypothesis that year-to-year variation in the use of crop insurance by Missouri 
farmers is driven primarily by vulnerability to climate change. 
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A vulnerability assessment approach, which forms the conceptual framework of the study, 
will be used to answer these questions. Vulnerability is defined as the degree to which a system 
is susceptible to and unable to cope with adverse effects of climate change, including climate 
variability and extremes. Vulnerability is a function of the character, magnitude, and rate of 
climate change and variation to which a system is exposed to, its sensitivity, and its adaptive 
capacity (IPCC, 2007). Vulnerability finds its origins in geography and natural hazard research, 
though it is a term now used in different fields such as ecology, public health, disaster 
management, land change, climate impact, and adaptation (Füssell, 2007). Füssell (2007) states 
that the following dimensions are important in describing a vulnerable situation: 
-  System: A human environment system, a population group, an economic sector, a 
geographical region, or a natural system. 
- Attribute of concern: A valued attribute(s) of the vulnerable system that could be 
threatened by its exposure to a hazard. 
- Hazard: A potentially damaging influence on the system of analysis, or an influence that 
may adversely affect a valued attribute of a system. 
- Temporal Reference: The point in time or time period of the interest. 
All these dimensions mentioned above are present in this study: the system is the climate 
divisions, the attribute of concern is the volumes of corn and soybean production, the hazards are 
the changes in temperature and precipitation, and the temporal reference is 1980-2010.  
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Chapter 2  
 
LITERATURE REVIEW 
 
2.1 Climate Change Research in Diverse Fields 
 
The study of climate change and climate variability and their impact is important for all 
the sectors of the economy, including but not limited to health, agriculture, natural resources 
(wildlife, forestry, fishery and marine), tourism, peace, and security. Bell (2010) studied the 
impact of climate change on health services. The aim of her study was to achieve a regionally 
responsive system approach to climate change in key operational areas of health service. She 
makes a case for service-oriented research in the health sector in relation to health service 
development in a context of climate change. Füssell (2008) also looked at climate change from 
the viewpoint of health risk and adaptation. Although there is not a lot of work done at the 
national or regional level, a number of studies have focused on the relationship between public 
health and climate change. Some of these examine the health risks associated with extreme 
weather events: floods, droughts, heat waves, air pollution, and the possible adaption strategies. 
Bards and Sweeny (2010) studied climate-change adaptation from the natural resources 
management perspective and the need to involve stakeholders. In their study, they “tested 
different approaches for understanding effective adaptation for sustainable natural resource 
management.” Teppel and Beaumont (2012) highlight mitigation options that would be useful 
for government agencies in addressing strategic plans and green business advice for tourism 
operators. Liberatore (2013) studied the role of the European Union concerning climate change, 
peace, and security, and assessed how it defines climate change as a security issue. Ellenwood 
and Dilling (2012), in their paper “Managing United States Public Lands in Response to Climate 
Change: A view from the ground up”, use a case study of a federal land management agency. 
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Their aim was to “understand how decisions are made and how climate change and carbon 
management are being factored into decision making.” 
2.2 Climate Change, Variability and Agriculture 
 
Although climate change and climate variability affect all economic sectors, agricultural 
activities are most vulnerable to climate fluctuations (Salinger et al., 2005; Anwar and Liu, 
2012). These are reflected in changes in temperature and precipitation, which affect the land and 
water regimes and eventually affect agricultural production (Anwar and Liu, 2012; Mendelsohn 
et al., 1994). A small increase in temperature decreases agricultural production (IPCC, 2007). 
According to Li et al., (2013) climate change and climate variability affect the productivity of 
agricultural ecosystems. Salinger et al., (2005) in support of this claim, state that “climate change 
and climate variability, drought and other climate related extremes have a direct influence on the 
quantity and quality of agricultural production”. Salinger et al. (2005) write a summary of papers 
presented at the International Workshop on Reducing Vulnerability and Climate Change. Two 
major regions are examined: the tropical and temperate regions. In the tropical region, the arid 
and semi-arid areas are characterized by low and variable rainfall and consistently high 
temperature during the growing season. Climate variability in this region results in low 
agricultural productivity. Projected climate change and potential future impacts on the 
availability of water resources will exacerbate stress on agricultural systems in this region 
already affected by land degradation caused by population pressure (Salinger et al., 2005).  
Farmers’ perception of climate change influences their coping mechanisms (Li et al., 
2013). Therefore farmers need a good understanding of climate change to develop effective 
mitigation and adaptive strategies that address the effects of climate change on agricultural 
production (Li et al.., 2013). Anwar et al. (2012) studied agriculture in Australia, namely 
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adaptation to changing climate by assessing farm level and farmers’ responses to the impact of 
changing climate over time and space. They looked at the nature, extent, and causes of climate 
change, as these provide context for adapting agriculture to climate change (Anwar et al., 2012). 
The study concluded that agricultural productivity can be disrupted through damage to crops 
caused by extreme events as heat waves, droughts, storms, and floods (Anwar et al., 2012). The 
study sought answers to the following questions: 
- What are the plausible scenarios of climate change? 
- How will such scenarios of climate change affect farm-level agricultural system 
productivity? 
- What are the obstacles preventing agricultural farm systems from adapting to changing 
climate? 
- How can agricultural farm systems overcome these obstacles and mitigate the risks 
resulting from climate change? 
Their research revealed that farmers have always adapted to climate change and 
variability in an autonomous way (Anwar et al., 2012). This finding is supported by Kates et 
al. (2012), which argues that climate change adaptation was natural in the past. The Anwar et 
al., 2012 study identified some constraints to adaptation at the farm level and suggested four 
major areas that helped ‘relax’ these constraints: 
- Generating and disseminating information to enhance farm level awareness, 
- Researching and developing agricultural technology, 
- Formulating policy that facilitates appropriate adaptation at farm level, and 
- Strengthening partnerships among relevant stakeholders. 
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They also suggest that short-term and long-term responses need to be determined to help farmers 
adapt in a cost-effective manner. In summary, their study shows that the presence of increasing 
number of extreme events lends credence to the existence of climate change, and this poses great 
danger for agriculture. Although Australian farmers have previously adapted in a natural, 
autonomous, and incremental way, modern adaptation to changing climate will need to be 
planned and transformational. Constraints to adaptation need to be better understood if farmers 
are to create cost-effective responses to changing climate. 
In China, Li et al., (2013) studied local farmers’ perceptions of climate change and the 
adaptive strategies that have been applied. They compared farmers’ perception of changing 
climate patterns to the adaptation measures they adopted (Li et al., 2013). Results from their 
study showed that the majority of the farmers surveyed had a clear understanding of climate 
change, and their perceptions aligned with the climate data analyzed. The adaptation measures 
employed were: adjusting planting and harvesting dates, use of different crop species, and 
improving irrigation. For the Chinese farmers, adopting these strategies was not only based on 
climate change but also their indigenous knowledge and personal experience (Li et al., 2013). 
The study advocated for a combination of traditional experience, indigenous knowledge, 
scientific research, and government policies to build a system of adaptive climate strategies (Li 
et al., 2013).  
Kassie et al. (2013) in their study on small holder farmers in Ethiopia also examined 
farmers’ perceptions of current climate variability and long-term changes and their adaptive 
strategies as well as barriers to successful adaptation. Ethiopia depends on agriculture as it 
contributes about 50 percent to the nation’s gross domestic product (GDP). In the past, extreme 
events have led to food shortages and famine (Kassie et al., 2013). The study was based on two 
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regions: the Central Rift Valley (CRV) and the Kobo Valley, which are important for food 
security in Ethiopia. The regions represent small-scale farming systems with different farming 
experiences. While Kobo has low agricultural potential, CRV’s agricultural potential is higher 
because there is less soil degradation. In this study, farmers were asked to list major constraints 
to crop production and indicate whether they had experienced changes in climate conditions over 
a 30-year period; up to 99 percent of the farmers perceived increases in temperature and 
decreases in rainfall. This partly aligned with the data observed by researchers, which showed 
increase in temperature with high variability in precipitation while no statistically significant 
decrease in rainfall was observed (Kassie et al., 2013). Farmers in both regions changed their 
farming practices in response to climate variability. According to Kassie et al. (2013), some 
adaptation measures included change in crop variety, adjustment in cropping calendars, and in-
situ moisture conservation (Kassie et al., 2013). Another adaptation strategy was to adjust 
agronomic practices such as planting density, fertilizer rates, and frequency of tillage. Farmers 
also diversified their income by migrating to nearby urban centers in search of employment. 
These low-cost adaptation techniques may be insufficient in the face of the increasing impact of 
climate on agriculture (Kassie et al., 2013). Barriers to successful adaptation were listed as 
financial and informational. The cost of new technologies and market linkages were high, so 
farmers settled for low-cost options to match their adaptive capacities. The absence of reliable 
information on weather conditions made adaptation difficult as early warning systems in 
Ethiopia have not been fully integrated into farming. 
McCarl et al. (2013) analyze the impact of climate change on agriculture in Egypt and 
possible adaptation strategies. Agriculture in Egypt is vulnerable to changing climate because the 
main source of irrigation is the Nile. Reductions in Nile flow will negatively impact crop 
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production (McCarl et al., 2013). Study results show that agriculture in Egypt is negatively 
impacted, and this trend will increase over time. This is reflected in the increased price of 
agricultural products. Adaptation strategies suggested include the following: lowering demand 
growth, raising agricultural technology process, sea rise protection, and water conservation. Use 
of crop varieties, adjusting the sowing date, and use of earlier maturing varieties were other 
adaptation strategies that were suggested (McCarl et al. 2013). The farmers believed that 
changing cultivars was the most important adaptation strategy, followed by increasing irrigation 
requirements and sowing dates.  
In Europe, Reidsma et al. (2009) studied the impact of climate change on crop yield and 
the resultant effect on farmers’ income. According to Reidsma et al. (2009), although the 
Mediterranean is the most vulnerable to climate change, they found that the most effective 
adaptation is a function of the characteristic of farm type. Reid et al. (2006) take a vulnerability 
approach in their research on climate change adaptation to agriculture in Ontario. They identify 
climate risks faced by the farmers and document the farmers’ responses to the climate change-
associated risk using a vulnerability assessment approach that is complementary to the climate 
change impact assessment approach (Reid et al., 2006). While climate change impact assessment 
focuses on changes in the natural systems, the vulnerability assessment approach focuses on the 
agricultural system and its sensitivity to climatic conditions (Tol et al., 1998; Reid et al., 2006; 
Anwar et al. 2006). The study’s objective was to characterize the nature of farmers’ 
vulnerabilities, identify existing adaptation strategies, and consider adaptation options to deal 
with future climate risks (Reid et al. 2006). In their study, they assume that different factors 
influence a farmer’s ability to adapt to conditions he is exposed to and advocate a time-scale 
adaptation strategy: long term and short term. They refer to the long-term strategy as “strategic” 
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and the short-term strategy as “tactical” (Reid et al. 2006). “The farm is vulnerable to exposure 
to the degree that they are detrimental to the operation and the degree that the farmer is unable to 
adapt”. Results from the study showed that management decisions were based on climate, 
environment, economic, and market conditions as well as government programs and policies. 
Among these, climate was the most mentioned. In terms of adaptation strategies, the farmers 
identified a range of risk management strategies for adapting to climate risk. Short-term tactical 
strategies were the most common strategies adopted by the farmers, which included 
supplementing feed with other crops, as well as keeping livestock in sheds to avoid heat stress. In 
the long term, strategic practices were adopted, e.g. improving ventilation in barns, as well as tile 
draining the land to deal with moisture0related risk. These were gradual but costly adaptation 
strategies (Reid et al., 2006). Reid et al. (2006) concluded that in assessing vulnerability, climatic 
factors play a role just as much as non-climatic factors such as economic, institutional, and social 
forces. These factors influence the severity of climate exposures and the ability of farmers to 
adapt. Farmers are continually managing risks, and they learn from past experiences and 
implement long-term adaptation strategies that help in managing risks. In the final analysis, 
enhancement of the region’s ability to adapt to changing climate will involve public agencies, 
policy review, insurance programs, and technological development (Reid et al., 2006). 
A couple of studies have also been carried out in California on the potential agricultural 
responses to climate change. The central valley of California is a major national source of fruits, 
nuts, and vegetables. Jackson et al. (2011) conducted an interdisciplinary study on climate 
change vulnerabilities and coping strategies for mitigation and adaptation in agriculture. Their 
focus was on the potential modifications to farm and land-use practices and not public policy 
decision making.  The adaptation strategies suggested are the same as with previous studies 
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mentioned. However, they conclude that the impact of climate change will vary according to the 
diverse landscapes of the study area. Nicholas and Durham (2012) studied adaptation and 
vulnerability to environmental stress using wine growing in California as a case study. Wine 
grape yields and quality are very vulnerable to changes in climate. In their study, interviews were 
conducted with wine growers to examine what their adaptive responses to environmental stress 
were. Farmers took an individualistic approach to responding to these stresses; growers 
depended on their own knowledge in making decisions, and their adaptation strategies were 
reactive or anticipatory. 
Meza and Silva document the impact of climate change on wheat and maize yield in 
Chile and examined the dynamics of adaptation strategies. They reported that farmers learn from 
previous crop yield outcomes, and dynamic adaptation strategies outperformed decisions based 
on historical or projected climate-change scenarios (Meza & Silva, 2009). Although agricultural 
responses tend to be crop and location specific, agricultural systems respond to changing climate. 
According to Meza and Silva, if farmers base their decisions on short periods of evaluation, the 
selection of alternatives will be influenced by climate variability and not climate change; 
however, if farmers require data from several years, climate change impact will be masked and 
they will miss opportunities for adaptation. 
Lioubimsteva and Henebry (2009) investigated vulnerability in five Central Asian states of 
the former Soviet Union. According to them, a number of vulnerability assessments focus on the 
physical aspects of vulnerability – land degradation and changes in agricultural productivity. 
There is, however, the human angle to vulnerability, which “represents the critical dimensions 
for understanding vulnerability” (Lioubimsteva and Henebry, 2009).  Culture, political systems, 
and institutional capacity all play important roles in determining vulnerability and the ability of 
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communities to adapt (Lioubimsteva and Henebry, 2009). The human dimensions of 
vulnerability assess vulnerability as a combination of exposure, sensitivity, and resilience.  
Lioubimsteva and Henebry argue that a combination of approaches will be beneficial to the 
assessment of vulnerability and adaptation strategies, i.e. combining the top-down analysis of 
climate change scenarios with place-based options where both physical and social factors 
contribute to adaptation options. They conclude that analyzing changes in the physical 
environment is not sufficient to assess vulnerability and adaptation.  Numerous adaptation 
strategies are available to governments, businesses, communities, and individuals to reduce 
vulnerability to changing climate (Lioubimsteva and Henebry, 2009). The pathways to 
adaptation are: 
- Developing technology, 
- Government programs and insurance, and 
- Financial management. 
They also distinguish between short-term and long-term adaptation measures. A short-term 
measure is a “coping strategy” where communities or individuals take action to adjust to extreme 
events, and these coping strategies are usually involuntary (Lioubimtseva and Henebry, 2009). 
Short-term unplanned reactive adaptation will provide relief for a short while, but in the long run 
this will exacerbate the problem. Adaptation strategies should be appropriate, cost effective, and 
acceptable (Lioubimtseva and Henebry, 2009).  
Schilling et al. (2012) studied the relationships between climate, vulnerability, impacts, 
and adaptation in North Africa. Climate change poses a significant challenge in North Africa 
with respect to land degradation, agricultural productivity, food security, population growth, and 
economic stability (Schilling et al., 2012). The countries included in this study are Algeria, 
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Egypt, Libya, Morocco, and Tunisia. The study found that the agricultural sector of North Africa 
was the largest consumer of water, and all the countries except Egypt (which relies on the Nile 
River) depended on rain for agricultural production. A trend of increasing temperature and 
decreasing precipitation exists in North Africa. The region is sensitive to climate variability 
because of high dependency on rain-fed agriculture. Adaptive capacities are lower than Europe 
but higher than other parts of Africa (Schilling et al., 2012). The study also found that past 
incentives used to increase agricultural production are no longer sufficient to protect against the 
impact of extreme events (Schilling et al., 2012). The study recommends that agricultural 
production shift from maximization to output stabilization. Other adaptation strategies suggested 
are area-based rainfall insurance and improvement in weather predictions. Adapting to climate 
change cannot be achieved by one sector alone, and the most promising strategies for the 
agriculture sector look to conserving production assets rather than depleting them to maximize 
output (Schilling et al., 2012). 
Southworth et al. (2000) studied the impact of changing climate variability on maize yields in 
the U.S. Midwest. Their study aimed to address the following:  
- How would the mean changes in future climate affect maize yields across the study 
region for future climate scenarios? 
- What were the implications of the changes spatially? 
- What were some possible future adaptation strategies? 
Their study differentiated one factor, crop response to changes in climate mean, from crop 
response to changes in climate variability. They did this by first modeling the impacts of mean 
temperature changes on crop growth, then creating a time series of climate variables with 
changed climate variability. This would allow for inferences to be drawn based on analysis of 
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future mean and variability changes. Results showed that agricultural areas in the northern states 
(Southwest Wisconsin, Eastern Wisconsin, South-Central Michigan, northwest Ohio, and the 
Michigan thumb) experienced increases in maize yield as a result of climate change, while those 
in the southern and central regions (Western Illinois, Eastern Illinois, Southern Illinois, 
Southwest Indiana and East-Central Indiana) showed a clearly decreasing trend. The more 
extreme climate scenario resulted in greater reduction of maize yields. In the northern locations 
of the study area, increases in temperature because of climate change resulted in increased yields. 
Potential adaptation options suggested in the study included development of more heat-tolerant 
hybrid maize and switching from corn to soybeans. 
Arbuckle et al. (2013) examined 5,000 farmers across the Midwest with the aim of 
studying their beliefs, concerns, and attitudes toward climate change adaptation and mitigation. 
The authors believe that an understanding of farmers’ beliefs about climate change and attitude 
towards adaptation and mitigation is helpful in determining effective outreach strategies. Data 
was collected from 11 states in the United States Corn Belt region. The study revealed that 
farmers who believed climate change was anthropogenic were particularly more concerned about 
the impact on their farm operations and expressed positive attitudes toward efforts to protect 
their farms from the impacts of increased weather variability (Arbuckle et al., 2013). In Iowa, 
Rogovska and Cruse (2011) studied the consequences of climate change on agriculture. 
Agriculture in Iowa is influenced by climate trends, such as increases in the number of frost-free 
days, annual and springtime precipitation, and frequency of intense precipitation events. Some of 
these are favorable to agriculture, and some are not. Greater precipitation during growing season 
is associated with increased yields; however, excessive precipitation early in the growing season 
negatively impacts crop productivity. An average of 32 percent loss in crop yields was caused by 
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waterlogged conditions, and maximum crop damage was observed when flooding occurred at the 
early stages of growth (Bhan, 1977; Chaudary et al., 1975). Adaptation measures included 
planting crops early and installing more subsurface tiles to drain excess soil water faster. Crop 
production in Iowa remains highly dependent on climate in conjunction with other variables 
(Rogovska and Cruse, 2011). 
In Illinois, the situation is not much different. Illinois is an important part of the nation’s 
agricultural heartland. Nearly 67 percent of the state’s acreage is devoted to cropland, and it 
ranks second nationally in total crop value (USDA, 2009b). In 2007, agricultural commodities 
brought more than $11 billion to the state (USDA, 2009a). The Union of Concerned Scientists 
analyzed the impacts of two different climate change scenarios on agriculture in Illinois – one 
with low levels of global warming, and one with higher levels of global warming. Projected heat 
and precipitation changes for Illinois have grave implications for agricultural production. 
Growing season might lengthen by three weeks under the lower emissions scenario or lengthen 
by six to seven weeks under the higher level emissions scenario. This would increase crop yield 
but also bring other impacts such as increased heat stress, drought, and flood risks, which would 
eventually negatively impact crop production (www.ucsusa.org, 2009). 
2.3 Climate Change and Adaptation 
 
Adaptation is an important component of climate change impact and vulnerability 
assessment; it is also important for policy making. Without adaptation, climate change would be 
problematic for agricultural production. Although adaptation requires government response 
through policy making, input from decision makers in the agricultural business is important. 
Research on climate change adaptation has been conducted by the IPCC, UNFCC, UNEP, and 
several climate scientists. There are different definitions of adaptation, including: 
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-The adjustment in ecological, social, or economic systems in response to actual or expected 
climatic stimuli and their effects or impacts (IPCC, 2001). 
-Adjustments in individual, group, or institutional behavior in order to reduce society’s 
vulnerabilities to climate (Pielke, 1998). 
-Adjustments to enhance the viability of social and economic activities and to reduce their 
vulnerability to climate, including its current variability and extreme events, as well as long-term 
climate change (Smit, 1993). 
The importance placed on adaptation is reflected in Article 10 of the Kyoto protocol 
where it “commits parties to promote and facilitate adaptation and deploy adaptation 
technologies to address climate change”. Appropriate adaptation can reduce the negative impact 
of climate change. The capacity to adapt to climate change depends on many non-climatic 
factors: level of economic development and investments, access to markets and insurance, and 
political considerations (Lioubimsteva and Henebry, 2009). What is agriculture adapting to? In 
figuring this out, Smit and Skinner (2002) observed the nature of the relationship between 
stimuli and vulnerability. The impact of climate change on different sectors of the environment 
has been studied from the approach of changes in average temperature and precipitation, as well 
as the length of the growing season and onset of frost (Smit and Skinner, 2002). While average 
climatic parameters have been extensively studied, the interannual variability is another factor to 
consider. Adaptive decisions are made by combining and looking at the influences from climatic 
as well as non-climatic factors. Conventional climatic impact assessment did not place emphasis 
on adaptation, and most studies focused mainly on estimating climate impact, namely crop yield 
responses, overlooking the human decision-making angle. “More recently, impact assessments 
have recognized the importance of farm-level decision making in the adaptation process”. 
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Smit and Skinner (2002) also give the following as key characteristics of adaptation: intent 
and purposefulness, timing and duration, scale and responsibility, and form. They further identify 
adaptation pathways to include technological development, government programs and insurance, 
production practices, and financial management. These themes are re-echoed in different ways in 
several literature (Meza and Silva, 2009; Jackson et al. 2011; Srivastana et al. 2010; Polsky and 
Easterling 2001).  
Adaptation can be classified into subtypes: short term and long term, which could be planned 
or spontaneous (IPCC, 2001; Lioubimtseva and Henebry, 2009). The short-term strategies are 
tailored toward mitigating the negative effects of climate change and providing solutions that 
address these negative effects. Anwar et al. (2012) provide a template for the short-term 
adaptation, which would involve the use of modified and new farm techniques, including: 
1) Adjusting farming management: this could mean changing the timing of different farm 
operations: sowing, planting, spraying, and harvesting to maximize changes in growing 
season. 
2) Diversification: changing cultivars and using hybrids can increase farm productivity 
during drought (Easterling et al., 2007; Bradshaw et al 2004; Liu et al. 2011). 
3) Land-use practices: changing the location where a crop is planted, as well as switching 
between crop and livestock production is another way to adapt the effects of changing 
climate in the short term (Ortiz et al., 2008; Erda 1996). 
Anwar et al. (2012) opine that the short-term adaptation measures feed into the medium- to 
long-term measures. These adaptation strategies would include modeling and forecasting climate 
change; agricultural modeling techniques; leveraging on the relationships between weather 
forecasters, policy makers, and extension agents; and investing in policy initiatives (Howden et 
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al., 2007). According to Rajiv (2011), adaptation is necessary because reduction in emissions 
might not be totally attainable right now. Moreover, the levels of greenhouse gases (GHGs) 
already in the atmosphere guarantee that the earth will continue to warm for several decades with 
greater probability of adverse consequences. 
2.4 Climate Change and Extreme Events 
 
Extreme weather events include spells of very high temperature, torrential rain, and 
drought (Rosenzweig et al., 2001). However, when impacts of climate change on agriculture are 
examined, it should be based not only on mean values of climatic elements, but also on the 
probability, frequency, and severity of extreme events. Extreme weather events cause severe 
crop damage, which is intensified when they occur back to back (Rosenzweig et al., 2001). 
Rosenzweig et al. (2001) studied the major extreme events in the United States including the 
drought of 1988 and the flood event of 1993. Economic damage from these events was estimated 
at $1 billion. Higher than normal temperatures characterized the 1988 Midwest drought that led 
to decreased flow in the Ohio and Mississippi rivers. Consequently, crop yields dropped by about 
37 percent. In the summer of 1993, a flood also affected the Midwest. Reports put losses from 
this event at 11 million acres of crops, valued at over $3 billion. The cost of emergency measures 
was over $222 million (Rosenzweig et al., 2001). 
Floods occur as a result of the combination of several physical conditions such as 
accumulation of short-term precipitation, short-term precipitation rates, and soil moisture 
conditions (Kunkel et al., 1992). A study on extreme precipitation trends in North America 
revealed that flood losses in the United States averaged about $3-4 billion per year (Kunkel, 
2003). An upward trend exists in the frequency and intensity of heavy to extreme precipitation 
events in the United States, and climate change raises concerns about potential changes in the 
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frequency and intensity of these events (Kunkel, 2003).  Kunkel (2003) listed a variety of 
meteorological events that have caused recent flood events in the United States. Intense winter 
storms were responsible for floods along the west coast, while hurricanes and tropical storms 
caused several floods along the Gulf and Atlantic coasts. Rapid snowmelt was responsible for the 
floods along the West and Atlantic coasts as well as the floods in Central United States. In his 
study of the extreme precipitation trends, Kunkel (2003) pointed out that before 1915, most years 
experienced an above-average frequency of events; the 1920s, 1930s and 1950s were 
characterized by below-average frequencies; and the 1990s had a very high frequency of events 
(Kunkel, 2003). Flooding requires excessive precipitation over a period of several weeks to 
months. The 1993 Mississippi River flood was caused by record-breaking precipitation during 
June-July of that year. Increases in flooding occur for two reasons: increased frequency/intensity 
of precipitation and human alterations in land-use and stream channels (Kunkel, 2003). 
Another extreme event after the 1993 flood event is the 1998 Hurricane Mitch, which led 
to the drought event in the northeast that intensified in 1999. An estimated 918,960 farms were 
affected between 1998 and 1999 (Rosenzweig et al. 2001). Climate change projections suggest 
increased variability in temperature and precipitation in the future, leading to more extreme 
events (IPCC, 2007). 
2.5 Vulnerability and Vulnerability Assessment 
 
Social scientists and climate scientists have different views on vulnerability. To the social 
scientist, vulnerability represents the set of socio-economic factors that determine people’s 
ability to cope with stress or change. Climate scientists, on the other hand, view vulnerability in 
terms of the likelihood of the impacts of weather and climate-related events occurring (Adger et 
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al., 2004; Allen, 2003; Nicholls et al., 1999). The science of vulnerability is based on the logic 
that the environment is impacted by the actions of human populations. (Adger, 2006).  
Vulnerability is the degree to which a system is susceptible to, or unable to cope with, 
adverse effects of climate change, including climate variability and extremes. Vulnerability is a 
function of sensitivity, exposure, and adaptive capacity (IPCC, 2001). It is a function of the 
character, magnitude, and rate of climate variation to which a system is exposed, its sensitivity, 
and its adaptive capacity (Parry et al., 2007). Vulnerability has also been described as the 
potential to experience human loss from some event or condition (Smit and Pilifosova, 2003). 
Sensitivity is “the degree to which a system is affected, either adversely or beneficially 
by climate related stimuli. The effect may be direct (for example: a change in crop yield in 
response to a change in the mean, range or variability of temperature) or indirect (e.g. damages 
caused by an increase in the frequency of coastal flooding due to sea level rise)” (Smit et al., 
1999).  Exposure is “the nature and degree to which a system is exposed to significant climatic 
variations” (Parry et al., 2007); adaptive capacity, on the other hand, is the ability of a system to 
adapt to climate change, including climate variability and extremes to moderate potential 
damages, to take advantage of opportunities or cope with the consequences (Parry et al., 2007). 
Vulnerability is spatially and temporally dynamic – the effects of climate-induced impacts are 
not evenly distributed over time and space. “When assessing the magnitude and threat of global 
warming, capturing local variability and pockets of vulnerability becomes important” (Adger et 
al., 2004). 
  Brooks (2003) looks at the interrelationship between vulnerability, sensitivity, resilience, 
adaptation, hazard, and adaptive capacity. He categorizes vulnerability as social or biophysical 
and also views vulnerability from two perspectives:  
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- In terms of amount of damage caused to a system, and 
- As a state that exists within a system before it encounters a hazard event. 
In conducting a vulnerability assessment, it is important to determine if present-day 
vulnerability or future vulnerability is the focus of the study. This method of assessment helps in 
determining regions of most need in adapting to the impact of changing climate. Lonergan et al. 
(1999) suggest that studies aimed at identifying vulnerable regions should include both driving 
force indicators, which reflect key structural relationships, and state indicators, which reflect 
functional relationships and process flows within the system. 
Berry et al. (2005) assessed outputs from models on vulnerability of farmers and species 
to climate and socio-economic change. Their study showed that the vulnerability of farmers and 
species depended on the scenario being considered (scenario refers to modeling scenario). 
Vulnerability indicators were chosen to determine sensitivity to climate and socio-economic 
change as well as assess the role of adaptation. They did not attempt to combine the vulnerability 
of suppliers and consumers into a single index for agriculture. Vulnerable communities were 
divided into two groups: suppliers (farmers) and consumers (those buying products). The 
farmers’ vulnerability was assessed based on the extent of land use - intensive, extensive, or 
abandoned. The study showed that climate change will impact the vulnerability of agriculture 
and species, and this will vary according to scenario, region, or species under consideration. 
They concluded that a vulnerability assessment should take both farmers and species into 
account to develop appropriate policy measures. The following chart shows questions they asked 
to determine farmer and species vulnerability: 
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Figure 2.1: Schema showing relationship between vulnerability assessments for farmers and species (Berry et al., 
2005) 
 
 
Reidsma et al. (2008) again studied the vulnerability and adaptation of European farmers with 
the aim of analyzing the impacts of trends and variability in yields of five crops and farmers’ 
income at both farm and regional levels. Although the Mediterranean region is characterized as 
most vulnerable to climate conditions, adaptation strategies have helped farms in the region. 
Changing climate affects Europe differently; positive impact with crop increase is expected in 
Northern Europe, while negative impact with crop decrease is expected in Southern Europe, 
largely because of water shortages. The impact of climate change on farmers’ income is 
influenced by changes in actual yields. The researchers concluded that the trends and variability 
in climatic conditions impact trends and variability in crop yield and farmers’ income. For them, 
a study that integrates the effect of climate variability and change, farm characteristics, and 
socio-economic as well as policy context will give a better picture of the actual impacts of 
climate change on farms and regions. 
 29 
 
2.6 Crop Insurance 
 
Insurance is designed to provide compensation for losses that occur with relatively low 
frequency. Interest is growing in market-driven solutions to the problem of climate change 
variability in agriculture, and crop insurance is one of them (Schwank et al., 2010). It has the 
capacity to serve as a buffer against the impact of increasing extreme climate events. Although 
promoting insurance use is a good adaptation strategy, it should be combined with other 
adaptation strategies (Schwank et al., 2010). Agricultural crop insurance can contribute to 
climate change adaptation by: protecting farmers from changes in crop yield and price; 
promoting innovative risk management instruments; cooperating with government through 
partnerships between insurers and public agencies; gathering information and risk/hazard 
analysis; and providing financial incentives for investment in relevant mitigation strategies 
(Schwank et al., 2010). For a long time, scholars considered agricultural insurance a failed 
policy. Some still hold this view. However, several developed countries support and promote the 
use of agricultural insurance as a tool for managing risk. Crop insurance can be part of a 
systematic approach to climate change adaptation.  Because local coping strategies can break 
down under extreme stress, it becomes a useful tool to help with enhancing people’s economic 
situation (Schwank et al., 2010). 
2.6.1 United States Crop Insurance 
 
In the 1930s, crop insurance was introduced as a buffer against the great depression and the 
Dust Bowl, and in 1938 the Federal Crop Insurance Corporation (FCIC) was created.  The FCIC 
was set up with three objectives:  
1) To protect the income of farmers against crop failure or price collapse, 
2) To protect consumers against shortage of food supplies and extreme prices, and 
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3) To assist business and employment by providing an even flow of farm supplies and 
establish stable farm buying power. 
The crop insurance program was a replacement for ad hoc agricultural disaster assistance, and 
Congress resolved to make it the only way of assisting farmers affected by natural disasters by 
enlisting help from the private sector. Although this insurance was set up as an experiment, the 
Federal Crop Insurance Act expanded it in 1980. Initially, participation in the FCIC scheme was 
not mandatory, and government had to create different ad hoc disaster relief programs for 
farmers at different times. This happened in 1988, 1989, and 1992 when programs were set up to 
help with losses incurred from the impacts of extreme events such as the extreme wet and cool 
season of 1993. In 1994, an act made participation in the crop insurance program mandatory for 
farmers who wanted access to payments from other support programs, and the Catastrophic 
Coverage (CAT). In 1996, Congress overturned the mandatory participation. Since the creation 
of the 1994 act, participation in crop insurance had increased.  “Few sectors of the economy are 
as susceptible to the influence of nature as is the agricultural sector and the farmer remains 
powerless to avert damaging or total loss from weather hazards, insects and other forms of 
natural disasters … ” . According to the United States Department of Agriculture (USDA), the 
crop insurance industry has changed significantly since its early days, and the American farmer 
has more options to manage risks than at any time in history 
(www.rma.usda.gov/aboutrma/what/history.html).  
Glauber and Collins (2001) examined the history and performance of the Federal Crop 
Insurance scheme and reported that Congress had passed two crop insurance reform bills since 
1980 – one in 1994, the other in 2000. Government’s intervention in crop insurance was a result 
of the failure of private agricultural insurance markets as there are no large-scale private crop 
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insurance markets in the United States (Glauber and Collins, 2001; Godwin and Smith, 1995). 
One reason for the low performance in private crop insurance is the relatively low demand for 
crop insurance by farmers as they use a variety of risk-management strategies. Glauber and 
Collins (2001) show that the size of the expected benefit drove farmers’ decisions to participate 
in crop insurance. 
Dolan et al. (2001) evaluated adaptation strategies based on these criteria: effectiveness, 
economic efficiency, flexibility, institutional implementability, and independent benefits. The 
adaptation strategies evaluated were crop diversification, irrigation adoption, and increased crop 
insurance use. Results showed that crop diversification had high flexibility, institutional 
compatibility, and variable effectiveness. Irrigation was variable across most of the evaluative 
criteria. Increased use of crop insurance was economically efficient, flexible, institutionally 
compatible, and farmer implementable. Of the three adaptation options, the use of crop insurance 
had the highest overall evaluation (Dolan et al., 2001). 
In a similar study on the use of crop insurance as an adaptation strategy against the 
impact of changing climate, Falco et al. (2013) found that the use of crop insurance reduced the 
extent of risk exposure, although farms growing more crops were less likely to adopt the 
insurance scheme. This was partly because diversification could be used as a substitute for 
financial insurance in hedging against the impact of risk exposure. Other results of Falco et al. 
(2013) showed that after a major event, like drought or excessive rainfall, farmers were more 
willing to insure their crops. The study also found that a larger land endowment was positively 
correlated with the probability of insuring, while farms using large quantities of inputs were 
more likely to adopt insurance schemes and farmers investing more resources had a greater 
incentive to hedge against bad environmental conditions (Falco et al., 2013). 
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Chapter 3  
 
DATA AND METHODOLOGY 
 
This chapter presents the conceptual framework of the study followed by a discussion of 
the data and methodology in carrying out the research.  
3.1 Conceptual Framework 
 
Vulnerability is defined as the degree to which a system is susceptible to, and unable to 
cope with, adverse effects of climate change, including climate variability and extremes. 
Vulnerability is a function of the character, magnitude, and rate of climate change and variation 
to which a system is exposed, its sensitivity, and its adaptive capacity (IPCC). It has been used 
by scholars from different knowledge domains (Füssell, 2006). The wide range of policy 
responses available to address the risks from global climate suggests that climate change impact, 
vulnerability, and adaptation assessments will continue to apply to a variety of vulnerability 
concepts (Füssell, 2006). Some of these include resilience, marginality, susceptibility, 
adaptability, fragility and risk (Liverman, 1990).  
As mentioned in chapter one, four dimensions are important in a vulnerability assessment 
– system, attribute of concern, hazard, and temporal reference; they allow for characterizing a 
vulnerable situation independent of a particular research tradition (Füssell, 2006). Various 
authors distinguish between ‘external’ and ‘internal’ vulnerability to environmental hazards 
(Füssell, 2006). This is used to differentiate the external stressors a system is exposed to from the 
factors that determine their impacts (Füssell, 2006; Chamber 1989; Pielke Sr. & Bravo de 
Guenni, 2003). The United Nations (2004) lists four vulnerability factors important in disaster 
reduction: physical, economic, social, and environmental. All these represent properties of a 
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vulnerable system (Füssell, 2006). Moss et al. (2001) identified three dimensions of vulnerability 
to climate change: 
- The physical environment: this refers to climatic conditions and the biophysical impacts 
of climate change, e.g. changes in agricultural productivity or distribution of disease 
vectors. 
- The socioeconomic dimension refers to a region’s capacity to adapt to change over the 
long term and recover from extreme events. 
- The external assistance dimension refers to the degree to which a region may be assisted 
in its attempts to adapt to change through its allies and trading partners (Füssell, 2006). 
Several researchers distinguish biophysical vulnerability from socioeconomic vulnerability 
(Füssell, 2006), although there is no consensus on what these terms mean. Some scholars view 
biophysical vulnerability as a determinant of socioeconomic vulnerability (Klein and Nicholls, 
1999); and others view them as independent of each other (Cutter, 1996). Füssell (2006) 
explained that these concepts classify the vulnerability of a system to a specific hazard, but they 
are not compatible with each other. He further explained that the confusion between these 
concepts arises from a failure to distinguish between two independent dimensions of 
vulnerability: sphere (scale) and knowledge domain. The sphere is either external or internal. 
The internal vulnerability factors refer to properties of the vulnerable system, while the external 
vulnerability factors refer to something outside the vulnerable system. The knowledge domain is 
either socioeconomic or biophysical. 
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Table 3-1: Examples for each of the four categories of vulnerability factors (Füssell, 2005)  
Domain 
Sphere 
Socioeconomic Biophysical 
Internal Household income, social 
networks, access to info 
Topography, environmental 
conditions, land cover 
External National policies, 
international aid, economic 
globalization 
Severe storms, earthquakes, 
sea level change 
 
 
3.1.1 Approaches to Climate Change Research 
 
Two approaches that have influenced climate change research are the risk-hazard 
approach and political economy approach. The risk-hazard approach is useful for assessing the 
risks to certain valued elements that arise from their exposure to hazards of particular types and 
magnitude.  Traditionally, the risk-hazard framework assumes that hazard events are rare and 
that the hazard is known and stationary (Downing et al. 1999). In the risk-hazard approach, 
important factors are the hazard – a potentially damaging physical event characterized by its 
location, intensity, frequency and probability – and the vulnerability – referring to the 
relationship between the severity of the hazard and the degree of damage caused (UNDHA, 
1993; Coburn et al., 1994; Füssell, 2006). The political economy approach focuses on analyzing 
people by asking who is most vulnerable and why. 
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3.1.2 Integrated Approach 
 
A combination of the risk-hazard approach and political economy approach form the 
integrated approach. In this approach, Cutter (1993) defines vulnerability as the likelihood that 
an individual or group will be exposed to, and adversely affected by, a hazard. The integrated 
definitions of vulnerability are widely used in the context of global environmental change and 
climate change with reference to regions, communities, or other social units (Füssell, 2006). 
Brooks (2003) viewed vulnerability as representing a set of socioeconomic factors that determine 
people’s ability to cope with stress or change. Climate scientists view vulnerability in terms of 
the likelihood of occurrence and impact of weather and climate-related events. Brooks refers to 
hazards as the physical manifestation of climatic variability or change such as droughts, floods, 
episodes of heavy rainfall, and long-term changes in mean values of climatic variables. The 
climatic variables may be defined in terms of absolutes or departures from the mean of such 
variables. 
Vulnerability in scientific literature is often viewed from two perspectives: 
- In terms of the amount of damage caused to the system by a particular climate-related 
event (Jones and Boer, 2003; Brooks, 2003). 
- A state that existed within the system before the hazard occurred (Allen, 2003). 
Social vulnerability deals with poverty and inequality, marginalization, food entitlements, 
access to insurance, and housing quality. Most field research on vulnerability has focused on 
social vulnerability: identifying the most vulnerable members of society and examining 
vulnerability within and between geographical units (Brooks, 2003; Downing & Patwardhan, 
2003). According to Adger and Kelly (2000), social and biophysical systems react to climate 
change through adaptation.  
 36 
 
 
3.2. Constructing a Vulnerability Index 
 
Quantitative assessment of vulnerability is done by creating a vulnerability index. This 
index is constructed by a number of indicators. A single value is produced, which can be used to 
compare different regions. Researchers choose these indicators, which have impact on the 
vulnerability of the region (ICRISAT, 2009). An index is a numerical scale calculated from a set 
of variables that are representative of each indicator. The data is arranged in a matrix form, 
representing the different indicators as well as the regions. 
Table 3-2: Vulnerability Index Matrix (ICRISAT, 2009) 
Region/District                   Indicators 
1 2 . J . X 
1 X11 X12 . X1j . X1k 
2 . . . . . . 
l Xi1 Xi2 . Xij . Xik 
 
In creating the vulnerability index, we normalize the indicators to deal with differences in units. 
The method used is UNDP’s Human Development Index, or HDI (UNDP, 2006). This method 
ensures that the values are standardized and lie between 0 and 1. It is important to first determine 
the functional relationship between the indicators and vulnerability. In this regard, there are two 
possible types of relationships: 
- Vulnerability decreasing with decrease in the value of a variable, in which case the 
following formula is used to normalize the scores: 
𝑋𝑖𝑗 =
𝑋𝑖𝑗 − 𝑀𝑖𝑛(𝑋𝑖𝑗)
𝑀𝑎𝑥(𝑋𝑖𝑗) −𝑀𝑖𝑛(𝑋𝑖𝑗)
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- Vulnerability increases with the increase in value of the variable, and in this case, the 
following formula is used to normalize the scores: 
𝑌𝑖𝑗 =
𝑀𝑎𝑥(𝑋𝑖𝑗) − 𝑋𝑖𝑗
𝑀𝑎𝑥(𝑋𝑖𝑗) −𝑀𝑖𝑛(𝑋𝑖𝑗)
 
Where Xij and 𝑌𝑖𝑗 are normalized scores. After normalizing the values of all variables, the next 
step is to construct the vulnerability index. There are different methods to calculate the 
vulnerability index, such as the equal weights method and the unequal weights method 
(ICRISAT 2009). In this study, we use the equal weights method by obtaining a simple average 
of the scores. The sum of all the normalized variables is divided by the number of variables to 
determine the vulnerability index. The equation is given as: 
𝑉𝐼 =
∑(𝑋𝑖𝑗 + 𝑌𝑖𝑗)
𝐾
 
Where  𝑉𝐼 is the vulnerability index and K is the number of indicators. Finally, the different 
regions are ranked according to the vulnerability indices; the region with the highest index is 
most vulnerable, while the region with lowest index is the least vulnerable (ICRISAT, 2009).  
Another method of equal weights measurement is the Patnaik and Narhain method. 
Possible sources of vulnerability are identified, and the variables are grouped by indicators such 
as demographic, climatic, agricultural, occupational, and geographic. There are different 
variables for each of these indicators. After normalizing scores for each variable, the average 
index is determined and the overall vulnerability index is computed using the following formula: 
𝑉𝐼 = [∑(𝐴𝐼)1/𝛼
𝑛
𝑖=1
] /𝑛 
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Where n is the number of sources of vulnerability and 𝛼=n. AI is the Average Index, and VI is 
the Vulnerability Index. The dataset for sources of vulnerability and indicators is chosen based 
on personal judgment and available data (ICRISAT, 2009) A benefit of this method is that 
indices and ranks can be computed and allotted source-wise. 
3.3 Data 
 
3.3.1 Climate Data 
 
3.3.1.1 Temperature 
 
Temperature data used for this study was obtained from the Midwest Regional Climate 
Center (MRCC). It consisted of two types of temperature data for the entire state of Missouri. 
The first was station data for the period 1910 to 2010, and the second was climate division data 
for the period 1980 to 2010. The climate division data was obtained for the growing season only, 
which runs from April through September.  
3.3.1.2 Rainfall 
 
Similar to temperature data, rainfall data was collected on two time scales: station data 
for the entire state from 1910 to 2010, and climate division data for the growing season (April to 
September) for the period 1980 to 2010. 
 
3.3.2 Crop Data  
 
3.3.2.1 Crop Production Data 
Corn and soybean production data was collected from the United States Department of 
Agriculture (USDA) for all counties in Missouri from 1980 to 2010. This data was then grouped 
by climate divisions. Volume of production was recorded in bushels/acre. When crop production 
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data was not available for particular counties, a simple interpolation formula was used to 
generate data for that county. 
 
3.3.3 Crop Insurance 
 
Corn and soybean insurance data was obtained from the USDA for all counties, and this 
was further grouped by climate division. The study focused mainly on the number of policies 
sold per county. As with crop production data, some counties did not have data on the number of 
policies sold. The missing data was computed using a simple interpolation algorithm. The crop 
insurance data was only available from 1989. 
3.4 Statistical Analysis 
 
The primary statistical methods used in this study are correlation analysis and Analysis of 
Variance (ANOVA). Correlation is commonly used in research and measurement studies, 
including studies conducted to obtain validity and reliability evidence (Godwin and Leech, 
2006). Correlation describes the size and direction of linear relationship between variables. A 
formula for correlation is: 
𝑅𝑥𝑦 = 𝑆𝑥𝑦/𝑆𝑥𝑆𝑦 
Where Sxy is the covariance between the two variables and Sx and Sy are the standard deviations 
for X and Y. The value of r will be greater if there is more variability among the observations 
than if there is less variability. It is important to determine whether relationships exist between 
variables, and if so, how significant or how strong this association is. The closer the r coefficient 
approaches ±1 regardless of direction, the stronger the existing association, indicating a more 
linear relationship (Taylor, 1990). The strength of the correlation is not dependent on the 
direction or the sign. A positive correlation coefficient indicates that an increase in the first 
variable would correspond to an increase in the second, implying a direct relationship. A 
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negative correlation indicates an inverse relationship. If there is no linear relationship, r will be 
virtually zero. 
Analysis of Variance (ANOVA) is useful for categorizing total variance found in two or 
more groups of samples into distinct components: variability between the group means and 
variability within each group around its group mean (Mcgrew et al., 2014). Although the 
structure of ANOVA uses variation as a key descriptive statistic, the means of the samples are 
compared for significant differences (Clarke and Warwick, 2001; Mcgrew et al., 2014). One way 
ANOVA is used is when the study involves three or more levels of a single independent variable. 
However, more complex ANOVA models with multiple variables are not often used in 
geography (Mcgrew et al., 2014). ANOVA tests the null hypothesis that there are no differences 
between particular groups. This is done by computing a particular ratio of variability in the group 
means to variability among replicates within each group (Clarke and Warwick, 2001). If the 
resulting F statistic takes a value near 1, then the null hypothesis is true; larger values of the F 
statistic indicate that the null hypothesis is false and should be rejected. 
The test statistic for ANOVA (F) is given as: 
𝐹 =
𝑀𝑆𝐵
𝑀𝑆𝑊
 
Where MSB  is between group mean squares and MSW  is within group mean squares. 
3.5 Geospatial Analysis 
 
Geospatial analysis employs Geographic Information Systems (GIS) for input, storage, 
manipulation, and output of geographic information. Burroughs (1986) defined it as a powerful 
set of tools for collecting, storing, retrieving, transforming, and displaying spatial data from the 
real world. GIS can be used in a wide range of applications: business, military and defense, and 
scientific research. GIS makes it possible to automate activities involving geographic data such 
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as map production, calculation of areas, distances, measurements of slope, and aspect. It also 
allows for the communication of complex spatial patterns with maps (Briggs, 1996). Figure 3.2 
below represents the flowchart of this study and shows the integration of crop insurance and crop 
production data to illustrate the spatial distribution of key variables using GIS. 
 
 
Figure 3.1: Research Design Flow Diagram 
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Chapter 4  
RESULTS AND DISCUSSION 
 
4.1 Long-term Climate Variability Patterns 
 
4.1.1 Temperature 
 
Yearly temperature data was collected for the 100-year period to show the trend in year-
to-year variability; the mean temperature was 54.63°F. Figure 4.1 below shows deviations from 
the mean. Temperature changes of ± ≥1 were considered to be significant.  Based on this 
consideration, it was observed that between 1910 -1980 (70 years) there were about 31 years 
where the temperature was either below or above the mean temperature. From 1980-2010 (30 
years), there were about 16 years where the temperature was either above or below the mean 
temperature. This shows that there have been more extreme temperatures in the last 30 years 
compared with the earlier 70 years. The data confirms other climate research that show more 
variability in temperatures in recent times than ever before. 
 
Figure 4.1: Missouri temperature variability (1910-2010) 
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4.1.2 Rainfall 
 
Rainfall data was also collected for the 100-year timeframe (1910-2010) to show year-to-
year variability; the rainfall is measured in inches. The mean precipitation was 3.4 inches, and 
any change of ±0.5 inches was considered significant. When the first 70 years of the timeframe 
was compared with the last 30 years, the data showed more variability in the 30 years than the 70 
years. From 1910-1980, there were 23 years where the temperature was either below or above 
average by 0.5 inches. However, from 1980-2010 there were 10 years when this was the case. 
Figure 4.2 shows the data. 
 
 
Figure 4.2: Missouri precipitation variability (1910-2010) 
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4.2 Missouri Climate Division Growing Season Climate Variability 
 
The growing season in Missouri is from April to September. In this section, we examine 
temperature and rainfall variability for each of the six climate divisions from 1980 to 2010. 
Table 4.1 is a summary of Figures 4.3, 4.4, 4.5, 4.6, 4.7, and 4.8. It shows the mean monthly 
precipitation in inches for the six climate divisions during the growing season (1980-2010). 
Climate Division 3 has the highest mean precipitation with 4.5 inches, while Climate Division 6 
has the lowest. The table also shows the number of years where mean precipitation was 0.5 
inches higher or lower than the mean precipitation based on the climate division precipitation 
anomaly charts (Figures 4.3, 4.4, 4.5, 4.6, 4.7, and 4.8). Climate Division 1 had 8 years, Climate 
Divisions 2 and 6 had 12 years, and Climate Divisions 3, 4, and 5 had 13 years each.   
 
Table 4-1: Summary of growing season (April to September) mean precipitation by climate division and number of 
years of extreme events 
Climate Division Mean Precipitation/inches No of Years ≥  +0.5 inches 
1 4.4 8 
2 4.2 12 
3 4.5 13 
4 4.3 13 
5 4.1 13 
6 3.9 12 
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Figure 4.3: Growing season precipitation anomaly for climate division 1 (1980-2010) 
 
 
 
Figure 4.4: Growing season precipitation anomaly for climate division 2 (1980-2010) 
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Figure 4.5: Growing season precipitation anomaly for climate division 3 (1980-2010) 
 
 
 
 
Figure 4.6: Growing season precipitation anomaly for climate division 4 (1980-2010) 
 
-3.000
-2.000
-1.000
0.000
1.000
2.000
3.000
1
9
8
0
1
9
8
1
1
9
8
2
1
9
8
3
1
9
8
4
1
9
8
5
1
9
8
6
1
9
8
7
1
9
8
8
1
9
8
9
1
9
9
0
1
9
9
1
1
9
9
2
19
93
1
9
9
4
1
9
9
5
1
9
9
6
1
9
9
7
1
9
9
8
1
9
9
9
20
00
2
0
0
1
2
0
0
2
2
0
0
3
2
0
0
4
2
0
0
5
2
0
0
6
20
07
2
0
0
8
2
0
0
9
2
0
1
0P
re
ci
p
it
at
io
n
 A
n
o
m
al
y 
(i
n
ch
es
)
Time (Year)
Precipitation Anomaly Climate Division 3 Apr-Sep 1980-
2010
-2.500
-2.000
-1.500
-1.000
-0.500
0.000
0.500
1.000
1.500
2.000
2.500
3.000
1
98
0
1
98
1
1
98
2
1
98
3
1
98
4
1
98
5
19
86
1
98
7
1
98
8
1
98
9
1
99
0
19
91
1
99
2
1
99
3
1
99
4
1
99
5
19
96
1
99
7
1
99
8
1
99
9
2
00
0
2
00
1
2
00
2
2
00
3
2
00
4
2
00
5
2
00
6
2
00
7
2
00
8
2
00
9
2
01
0
P
re
ci
p
it
at
io
n
 A
n
o
m
al
y 
(i
n
ch
es
)
Time (Year)
Precipitation Anomaly Apr-Sept 1980-2010 Climate 
Division 4
 47 
 
 
 
Figure 4.7: Growing season precipitation anomaly for climate division 5 (1980-2010) 
 
 
 
 
Figure 4.8: Growing season precipitation anomaly for climate division 6 (1980-2010) 
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4.2.2 Summary of Mean Temperature by Climate Division  
 
Table 4.2 summarizes figures 4.9, 4.10, 4.11, 4.12, 4.13, and 4.14.The table shows 
growing season mean temperatures for the six climate divisions. The highest mean temperature 
occurs in Climate Division 6, while the lowest mean temperature is in Climate Divisions 1 and 2. 
The table also shows the number of years in each climate division where the temperature is at 
least 1 degree Fahrenheit higher or lower than the mean temperature. When tables 4.1 and 4.2 are 
compared, we see a relationship between temperature and precipitation; the climate divisions 
with lower precipitation had higher temperatures, and the climate divisions with higher 
precipitation had lower temperatures. 
 
Table 4-2: Summary of growing season mean temperature by climate division and number of years of extreme 
events 
Climate Division Mean Temperature/°F No of Years ≥ +1°F 
1 68 22 
2 68 21 
3 70 24 
4 70 21 
5 69 22 
6 72 19 
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Figure 4.9: Growing season temperature anomaly for climate division 1 (1980-2010) 
 
 
 
 
Figure 4.10: Growing season temperature anomaly for climate division 2 (1980-2010) 
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Figure 4.11: Growing season temperature anomaly for climate division 3 (1980-2010) 
 
 
 
 
Figure 4.12: Growing season temperature anomaly for climate division 4 (1980-2010) 
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Figure 4.13: Growing season temperature anomaly for climate division 5 (1980-2010) 
 
 
 
 
Figure 4.14: Growing season temperature anomaly for climate division 6 (1980-2010) 
 
 
4.3 Correlation of Climate and Crop Production Data by Climate Division 
 
Tables 4.3, 4.4, 4.5, 4.6, 4.7, and 4.8 show the correlation between temperature, 
precipitation, and corn and soybean production. Temperature and precipitation are negatively 
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correlated. This means that an increase in temperature leads to a decrease in precipitation, and 
vice versa. Temperature is also negatively correlated with corn in climate divisions 1, 2, 3, and 6, 
but positively correlated in climate divisions 4 and 5. It is negatively correlated in climate 
divisions 3, 4, and 6, but positively correlated in divisions 1, 2, and 5. Precipitation is positively 
correlated with soybean and corn in all climate divisions. Knowledge of the direction of 
relationship in the correlation is helpful in determining the functional relationships for 
constructing the vulnerability index. 
 
Table 4-3:  Correlation Analysis for Climate Division 1 
 Corn Soybeans Temperature Rainfall 
Corn Pearson Correlation 1 .792** -.014 .129 
Sig. (2-tailed)  .000 .942 .489 
N 31 31 31 31 
Soybeans Pearson Correlation .792** 1 .233 .067 
Sig. (2-tailed) .000  .206 .719 
N 31 31 31 31 
Temperature Pearson Correlation -.014 .233 1 -.345 
Sig. (2-tailed) .942 .206  .058 
N 31 31 31 31 
Rainfall Pearson Correlation .129 .067 -.345 1 
Sig. (2-tailed) .489 .719 .058  
N 31 31 31 31 
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Table 4-4: Correlation Analysis for Climate Division 2 
 Corn Soybeans Temperature Rainfall 
Corn Pearson Correlation 1 .873** -.077 .125 
Sig. (2-tailed)  .000 .682 .503 
N 31 31 31 31 
Soybeans Pearson Correlation .873** 1 .087 .157 
Sig. (2-tailed) .000  .643 .398 
N 31 31 31 31 
Temperature Pearson Correlation -.077 .087 1 -.235 
Sig. (2-tailed) .682 .643  .202 
 N              31                 31                      31              31 
Pearson Correlation .125 .157 -.235 1 
Sig. (2-tailed) .503 .398 .202  
Rainfall N 31 31 31 31 
     
     
 
 
Table 4-5: Correlation Analysis for Climate Division 3 
 Corn Soybeans Temperature Rainfall 
Corn Pearson Correlation 1 .836** -.049 .186 
Sig. (2-tailed)  .000 .795 .316 
N 31 31 31 31 
Soybeans Pearson Correlation .836** 1 -.083 .349 
Sig. (2-tailed) .000  .658 .055 
N 31 31 31 31 
Temperature Pearson Correlation -.049 -.083 1 -.299 
Sig. (2-tailed) .795 .658  .103 
N 31 31 31 31 
Rainfall Pearson Correlation .186 .349 -.299 1 
Sig. (2-tailed) .316 .055 .103  
N 31 31 31 31 
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Table 4-6: Correlation Analysis for Climate Division 4 
 Corn Soybeans Temperature Rainfall 
Corn Pearson Correlation 1 .602** .098 .268 
Sig. (2-tailed)  .000 .600 .144 
N 31 31 31 31 
Soybeans Pearson Correlation .602** 1 -.105 .350 
Sig. (2-tailed) .000  .575 .053 
N 31 31 31 31 
Temperature Pearson Correlation .098 -.105 1 -.356* 
Sig. (2-tailed) .600 .575  .049 
N 31 31 31 31 
Rainfall Pearson Correlation .268 .350 -.356* 1 
Sig. (2-tailed) .144 .053 .049  
N 31 31 31 31 
 
 
 
 
 
Table 4-7: Correlation analysis for Climate Division 5 
 Corn Soybeans Temperature Rainfall 
Corn Pearson Correlation 1 .899** .155 .152 
Sig. (2-tailed)  .000 .406 .414 
N 31 31 31 31 
Soybeans Pearson Correlation .899** 1 .011 .254 
Sig. (2-tailed) .000  .955 .168 
N 31 31 31 31 
      
Temperature Pearson Correlation .155 .011 1 -.325 
Sig. (2-tailed) .406 .955  .075 
N 31 31 31 31 
Rainfall Pearson Correlation .152 .254 -.325 1 
Sig. (2-tailed) .414 .168 .075  
N 31 31 31 31 
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Table 4-8: Correlation analysis for Climate Division 6 
 Corn Soybeans Temperature Rainfall 
Corn Pearson Correlation 1 .413* -.003 .082 
Sig. (2-tailed)  .021 .986 .660 
N 31 31 31 31 
Soybeans Pearson Correlation .413* 1 -.308 .404* 
Sig. (2-tailed) .021  .092 .024 
N 31 31 31 31 
Temperature Pearson Correlation -.003 -.308 1 -.265 
Sig. (2-tailed) .986 .092  .150 
N 31 31 31 31 
Rainfall Pearson Correlation .082 .404* -.265 1 
Sig. (2-tailed) .660 .024 .150  
N 31 31 31 31 
 
 
 
 
4.4 Impact of Extreme Weather Event on Crop Production 
 
Fig 4.15 shows the variation in volume of soybeans produced before and after the 1993 
flood event in the six climate divisions. Comparing volume of soybean production across the 
climate divisions between 1991 and 1993 showed a decrease in 1993 by 30 percent, 13 percent, 
12 percent, and 15 percent in climate divisions 1, 2, 4, and 5 respectively. It also showed an 
increase of 14 percent and 9 percent in climate divisions 3 and 6. When compared with 1992, the 
data clearly shows a general decreasing trend across all climate divisions in 1993 (41 percent, 22 
percent, 28 percent, 21 percent, 29 percent, and 5 percent in climate divisions 1 through 6). In 
1994, one year after the flood event, the volume of soybeans produced increased by 84 percent, 
26 percent, 50 percent, 41 percent, 49 percent, and 15 percent. In 1995, an increase from the 
1993 production volume showed in just two climate divisions (1 and 2) by 32 percent and 13 
percent, but a decrease in climate divisions 3, 4, 5, and 6. This time, however, the percentages 
are small (1 percent, 2 percent, and 8 percent).  
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Figure 4.15: Soybean production by climate division before and after the 1993 flood event 
 
 
Fig 4.16 shows the same variation across climate divisions, but this time for corn. 
Volume of production between 1991 and 1993 showed a decrease in 1993 by 37 percent, 18 
percent, 7 percent, and 6 percent in climate divisions 1 through 4; it also showed an increase by 
12 percent in climate division 5. Corn production in climate division 6 did not change between 
1991 and 1993. Comparing 1992 and 1993, the data showed decreases by greater percentages 
(122 percent, 82 percent, 121 percent, 76 percent, 57 percent, and 61 percent in climate divisions 
1,2, 3, 4, 5, and 6). This changed in 1994 when the volume of corn production increased again by 
106 percent, 47 percent, 64 percent, 38 percent, 70 percent, and 24 percent. In 1995, however, 
decreases appeared in the volume of corn produced.  
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Figure 4.16: Corn production by climate division before and after the 1993 flood event 
 
 
In 2005, the same comparisons are made for both soybeans and corn. Fig 4.17 shows 
variation in the volume of production across the climate divisions. In contrast to the 1993 event, 
volume of production is actually lower in the years preceding the dry year of 2005. This trend is 
also seen in figure 4.18 with corn production. 
 
 
Figure 4.17: Soybean production by climate division before and after the 2005 flood event 
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Figure 4.18: Corn production by climate division before and after the 2005 flood event 
 
 
4.5 Assessment of Vulnerability by Climate Division 
 
Tables 4.10, 4.11, 4.12, 4.13, 4.14, 4.16, and 4.17 show the vulnerability index for the 
periods 1991-2000 and 2001-2010 as well as the extreme event years of 1993 and 2005 for all 
climate divisions. The climate division with the highest vulnerability index has a rank of 1, and 
the climate division with the lowest vulnerability index has a rank of 6.  
Results from the analysis show that for the period 1991-2000, Climate Division 3 was the 
most vulnerable region, followed by Climate Divisions 4, 5, 6, and 2. Climate Division 1 was the 
least vulnerable. In 2001-2010, climate division 3 remained the most vulnerable, followed by 
climate divisions 4, 1, 6, and 5. Climate division 2 was the least vulnerable. In the 1993 flood 
year, the data shows that climate division 3 was still the most vulnerable climate division 
followed by 4, 1, 6, and 5. Climate division 2 was the least vulnerable. In the relatively low 
rainfall year of 2005, climate division 6 was the least vulnerable climate division, and climate 
division 3 was the most vulnerable. 
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Table 4-9: Vulnerability Index, 1980-1990 
Climate 
Division Precip Temp Corn Soy 
Sum of 
Scores VI Rank 
1 0.15 1.00 0.00 0.00 1.15 0.29 6 
2 0.00 0.77 0.36 0.50 1.63 0.41 5 
3 1.00 0.69 0.88 1.00 3.57 0.89 1 
4 0.21 0.21 1.00 0.96 2.38 0.59 2 
5 0.32 0.00 0.82 0.97 2.11 0.53 3 
6 0.11 0.01 0.85 0.76 1.73 0.43 4 
 
Table 4-10: Normalized Score (1991-2000) 
Climate 
Division Precip Temp Corn Soy 
1 5.3772 72.88 110298200 61462075 
2 3.9387 68.85 80827000 40625620 
3 6.3688 69.09 25391240 17177782 
4 4.776 69.09 20611317 22922874 
5 4.1905 59.59 45651005 27880004 
6 3.2393 59.01 37561860 28458100 
 
Table 4-11: Vulnerability Index 1991-2000 
Climate 
Division Precip Temp Corn Soy 
Sum of 
Scores VI Rank 
1 0.68 1.00 0.00 0.00 1.68 0.42 5 
2 0.22 0.71 0.33 0.47 1.73 0.43 4 
3 1.00 0.73 0.95 1.00 3.67 0.92 1 
4 0.49 0.73 1.00 0.87 3.09 0.77 2 
5 0.30 0.04 0.72 0.76 1.83 0.46 3 
6 0.00 0.00 0.81 0.75 1.56 0.39 6 
 
 
 
 
 
Table 4-12: Normalized Scores (2001-2010) 
Climate 
Division Precip Temp Corn Soybean 
1 3.47 64.24 146847144 72278070 
2 3.01 59.17 112074963 52072730 
3 3.66 60.53 47219658 23259565 
4 3.42 54.72 45512313 26775990 
5 2.86 52.15 74635508 34452897 
6 2.76 51.02 48514654 34808480 
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Table 4-13: Vulnerability Index (2001-2010) 
Climate 
Division Precip Temp Corn Soy 
Sum of 
Scores VI Rank 
1 0.79 1.00 0.00 0.00 1.79 0.45 3 
2 0.28 0.62 0.34 0.41 1.65 0.41 6 
3 0.99 0.72 0.98 1.00 3.70 0.92 1 
4 0.73 0.28 1.00 0.93 2.94 0.73 2 
5 0.11 0.09 0.71 0.77 1.68 0.42 5 
6 0.00 0.00 0.97 0.76 1.74 0.43 4 
 
 
 
 
Table 4-14: Normalized Score (1993) 
Climate 
Division Precip Temp Corn Soybean 
1 17.61 91.51 58618000.00 38586000.00 
2 6.61 87.75 52749300.00 31662200.00 
3 13.68 93.32 15244300.00 13519400.00 
4 13.37 88.88 12687774.13 17625961.70 
5 6.65 87.58 32935466.67 21055705.56 
6 2.38 90.74 27399000.00 29816000.00 
 
 
Table 4-15: Vulnerability Index (1993) 
Climate 
Division Precip Temp Corn Soy 
Sum of 
Scores VI Rank 
1 1.00 0.68 0.00 0.00 1.68 0.42 3 
2 0.28 0.03 0.13 0.28 0.71 0.18 6 
3 0.74 1.00 0.94 1.00 3.69 0.92 1 
4 0.72 0.23 1.00 0.84 2.78 0.70 2 
5 0.28 0.00 0.56 0.70 1.54 0.38 5 
6 0.00 0.55 0.68 0.35 1.58 0.40 4 
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Table 4-16: Normalized Scores (2005) 
Climate Division Precip Temp Corn Soybean 
1 2.56 62.36 149227000.00 76250000.00 
2 1.47 63.73 81408500.00 45166000.00 
3 4.95 64.59 33222300.00 21442500.00 
4 0.51 64.72 39808750.00 20981631.94 
5 2.82 60.78 60268305.56 32222333.33 
6 3.07 57.86 44754000.00 30447000.00 
 
Table 4-17: Vulnerability Index (2005) 
Climate 
Division Precip Temp Corn Soy 
Sum of 
Scores VI Rank 
1 0.89 0.66 0.00 0.00 1.54 0.39 3 
2 0.42 0.86 -0.37 0.56 1.46 0.37 4 
3 1.92 0.98 -0.63 0.99 3.26 0.82 1 
4 0.00 1.00 -0.60 1.00 1.40 0.35 5 
5 1.00 0.43 -0.49 0.80 1.74 0.43 2 
6 1.11 0.00 -0.57 0.83 1.37 0.34 6 
 
 
 
 
4.6. Spatial Mapping of Vulnerability, Crop Production, and Crop Insurance  
 
All the results described above were mapped to illustrate spatial variability across climate 
divisions using GIS. Figure 4.19, 4.20, 4.21, and 4.22 show maps of vulnerability, soybean and 
corn production, and amount of crop insurance sold between 1991-2000 and  2001-2010.The 
darker colors in the crop production and crop insurance maps represent regions of higher volume 
of production and regions of higher crop insurance sales respectively. The climate divisions that 
stand out as divisions with higher volume of crop production and higher crop insurance sales are 
climate divisions 1, 2, and 6. The vulnerability of these regions are the lowest. Climate divisions 
3, 4, and 5 have lower volume of crop production and are more vulnerable when compared to 
climate divisions 1, 2, and 6. 
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Figure 4.19: Spatial mapping of vulnerability, soybean production and soybean insurance (1991-2000) 
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Figure 4.20: Spatial mapping of vulnerability, corn production and corn insurance (1991-2000) 
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Figure 4.21: Spatial mapping of vulnerability, soybean production and soybean insurance (2001-2010) 
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Figure 4.22: Spatial mapping of vulnerability, corn production and corn insurance (2001-2010) 
 
4.7 Spatial Mapping Comparing Crop Production after Extreme Events 
  
Figures 4.2, 4.24, 4.25, and 4.26 are spatial maps of soybean and corn production and 
soybean and corn insurance two years after the flood event of 1993 and the dry event of 2005. 
Again the darker colors depict regions of high corn and soybean production as well as regions of 
high insurance policy sales. The maps show an increase in the amount of crop insurance policies 
sold after the 1993 flood event. This is not very obvious with the 2005 dry event, but comparing 
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data from 1993 and 2005 helps in deducing farmers’ use of crop insurance as an adaptation 
strategy after an extreme event year versus a not-so-extreme one. 
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Figure 4.23: spatial mapping of soybean production and insurance before and after 1993 flood event 
 68 
 
 
Figure 4.24: Spatial mapping of corn production and insurance before and after the 1993 flood event 
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Figure 4.25: Spatial mapping of soybean production and insurance before and after the 2005 event 
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Figure 4.26: Spatial mapping of corn production and insurance before and after the 2005 flood event 
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4.8 Relationship between Extreme Events and the Use of Crop Insurance 
 
The graph in figure 4.27 shows the variation in use of crop insurance before and after the 
1993 flood event. Comparing the amounts of soybean insurance policies sold shows that between 
1991 and 1993, there were percentage decreases by 39 percent, 28 percent, 18 percent, 13 
percent, 34 percent, and 53 percent in climate divisions 1, 2, 3, 4, 5, and 6. The data clearly 
shows that between 1992 and 1993, the percentage decreases were 18 percent, 17 percent, 14 
percent, 43 percent, and 31 percent respectively for climate divisions 1 through 6. After the flood 
event in 1994, the amount of policies sold increased by 160 percent, 102 percent, 95 percent, 120 
percent, 185 percent, and 300 percent. In 1995, the percentage increases were by 381 percent, 
212 percent, 421 percent, 419 percent, and 449 percent. 
A similar trend is observed with the amount of corn insurance policies sold as seen in 
figure 4.28. Between 1991 and 1993, there were decreases in the number of policies sold by 36 
percent, 28 percent, 40 percent, 30 percent, 30 percent, and 26 percent; in 1992, these were 24 
percent, 21 percent, 36 percent, 20 percent, 22 percent and 22 percent for all six climate 
divisions. Significant increases in the amount of corn insurance policies sold appear in 1994 by 
110 percent, 81 percent, 218 percent, 15 percent, and 301 percent. However, climate division 6 
showed no difference in the amount of corn insurance policies sold between 1993 and 1994. 
Higher percentage increases in the amount of corn insurance policies sold were also observed in 
1995: 294 percent, 204 percent, 553 percent, 171 percent, 510 percent, and 520 percent in 
climate divisions 1 through 6. 
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Figure 4.27: Soybean insurance variation before and after the 1993 flood event 
 
 
 
 
Figure 4.28: Corn insurance variation before and after the 1993 flood event 
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Figure 4.29: Corn insurance variation before and after the 2005 dry event 
 
 
 
 
Figure 4.30: Soybean insurance variation before and after the 2005 dry event 
 
 
4.9 Analysis of Variance (ANOVA) 
 
Tables 4.18 to 4.21 below show the summaries of analysis of variance for the number of 
soybean and corn insurance policies sold before and after the 1993 flood event and 2005 dry 
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than 0.05. These values imply significant statistical difference in the number of insurance 
policies sold before and after the extreme flood event of 1993 and dry event of 2005. This 
analysis supports the graphical presentation of variation in number of crop insurance policies 
sold before and after extreme events shown in figures 4.27 to 4.30 above. 
 
Table 4-18: Analysis of Variance for the number of soybean insurance policies sold before and after the 1993 flood 
event 
       Source of Variation SS df MS F P-value F crit 
Between Groups 183687070.8 5 36737414 7.43462 0.000123 2.533555 
Within Groups 148241924.7 30 4941397 
   
       
Total 331928995.5 35         
 
Table 4-19: Analysis of Variance for number of corn insurance policies sold before and after the 1993 flood event 
Source of Variation SS df MS F P-value F crit 
Between Groups 95192131.04 5 19038426 4.230263 0.004983 2.533555 
Within Groups 135015911 30 4500530 
   
       
Total 230208042 35         
 
Table 4-20: Analysis of Variance for number of soybean insurance policies sold before and after the 2005 dry event 
Source of Variation SS df MS F P-value F crit 
Between Groups 50426824.69 5 10085364.94 7.84179199 8.08091E-05 2.533555 
Within Groups 38583138.71 30 1286104.624 
   
       
Total 89009963.4 35         
 
Table 4-21: Analysis of Variance for number of corn insurance policies sold before and after 2005 dry event 
Source of Variation SS df MS F P-value F crit 
Between Groups 26243429 5 5248686 6.080419 0.000532 2.533555 
Within Groups 25896336 30 863211.2 
   
       
Total 52139765 35         
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Chapter 5  
 
CONCLUSION 
 
The concept of changing climate is an important one, and abundant evidence indicates 
that global warming is on the increase, resulting in more frequent extreme events such as 
droughts, floods, hurricanes, and heat waves. Agriculture, an important sector in many 
economies, is extremely vulnerable to the impacts of changing climate. The Midwest is the 
agricultural heartland of America, and agriculture dominates land use with more than two-thirds 
of land designated as farmland. It represents one of the most intense areas of agriculture in the 
world. The Midwest is the largest producer of corn, soybeans, and wheat in the United States; the 
region accounts for about 65 percent of national corn and soybean production (IPCC, 2014). This 
region has experienced multiple major extreme events recently, including the drought of 1988 
and the flood event of 1993. Economic damage from the 1988 drought exceeded $1 billion, 
while farm-related losses from the 1993 flood have been estimated at about 11 million acres 
valued at over $3 billion (Rosenzweig et al., 2001). 
 The purpose of this study was to examine the spatial character of agricultural 
vulnerability and explore the use of crop insurance as an adaptation strategy. A vulnerability 
assessment approach was used to analyze climate, crop production, and crop insurance data for 
the six climate divisions of Missouri, based on the hypothesis that the most vulnerable regions 
would use the most crop insurance. The specific variables used in the study were temperature, 
precipitation, corn and soybean production, and corn and soybean insurance.  An analysis of the 
climate data from 1910 to 2010 revealed more extreme events within the 30-year period of 1980-
2010 compared to the 70-year period of 1910-1980. This is consistent with the views from the 
different assessment reports of the IPCC. This study showed that climate divisions where mean 
 76 
 
growing season precipitation was low also had high mean growing season temperatures, and vice 
versa. The climate divisions with the highest mean temperatures and highest mean precipitation 
were the most vulnerable. Correlation analysis revealed that in most of the climate divisions, a 
negative correlation existed between precipitation and temperature; a negative correlation existed 
between temperature and corn production; and a positive correlation existed between 
precipitation and soybean production. The knowledge of the direction of relationship between 
the variables was useful in constructing the vulnerability index of the climate divisions.  
This study determined that the most vulnerable climate divisions used the least amount of 
crop insurance. The climate divisions where corn and soybean production were highest were the 
climate divisions that used the most crop insurance, implying that the use of crop insurance by 
Missouri farmers was driven more by volume of crop production than perceived (or actual) 
vulnerability to changing climate conditions. However, analysis conducted in this study also 
showed that the use of crop insurance tends to increase in the period immediately following a 
major extreme event. This finding is corroborated by previous studies (e.g., Falco et al. 2013) 
that also concluded that farmers were more likely to use crop insurance after the occurrence of an 
extreme event.  
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